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Peptide derived from an antigen recognized by auto- 
antibodies from patients with rheumatoid arthritis, anti- 
body directed against said peptide, a combinatorial 
antigen, and a method of detecting auto- immune antibodies 

The present invention relates to a peptide derived 
from an antigen recognized by autoantibodies from patients 
with rheumatoid arthritis, which peptide is reactive with 
autoimmune antibodies from a patient suffering from rheu- 
5 matoid arthritis. 

Such a peptide is known from the European patent 
application 0 511 116 (Clonatec S.A.). This application 
describes an antigen comprising a filaggrin or pro- 
filaggrin fragment. The peptide is recognized by rheuma- . 
10 toid arthritis-specific autoimmune antibodies. Rheumatoid 
arthritis (RA) is a systemic autoimmune disease. It is the 
most commonly occurring inflammatory disease of the 
joints, it is chronic and may lead to severe physical dis- 
ablement . 

15 The object of the present is to provide a peptide 

which is reactive with autoimmune antibodies from a 
patient suffering from rheumatoid arthritis, which peptide 
is suitable for diagnostic research with increased speci- 
ficity while also being useful for other purposes such as 

20 obtaining (raising, selecting and isolating) poly- and 
monoclonal antibodies . 

To this end the peptide according to the invention 
is characterized in that the derived peptide that is reac- 
tive with autoimmune antibodies, corresponds to a part of 

2 5 a mRNA molecule coding for the antigen, said part compris- 
ing a codon for an arginine residue, and the arginine 
residue in the derived peptide, which is reactive with 
autoimmune antibodies, is a modified arginine residue. 

Surprisingly, the peptide according to the inven- 

30 tion that possesses a modified arginine residue, proved to 
be very suitable for the specific diagnosis of rheumatoid 
arthritis . 
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To this day, no specific serological test is avail- 
able for RA. The only test frequently employed is based on 
the determination of rheumatoid factors (RF; Ref . 1) which 
are found in 70% of the RA patients. However, this test is 
5 not very specific and is characterized by a relatively 
large number of false positives. For patients suffering 
from systemic lupus erythematosus the percentage of false 
positives is approximately 20% and for healthy individuals 
approximately 5%. 
10 Preferably the peptide is characterized in that the 

modified arginine residue's side chain is a side chain 
according to Formula I on the formula sheet, in which 

X = NH2, CH3, NHCH3 or N(CH3)2; 

Y = O, NH, NHCH3 or N(CH3)2; 
15 Z = O, NH or CH2; and 

n = 2, 3 or 4, on the condition that when X = NH2 
and Z = NH, Y is not NH; and the modified arginine residue 
is in particular a citrulline residue. For citrulline, X = 
NH2, Y = O, Z = NH and n = 3. 
20 A preferred peptide is the peptide selected from 

the group of peptides having the Formula II - X on the 
formula sheet. 

By using the peptide according to Formula II, it is 
possible to establish the presence of rheumatoid arthritis 
25 in about 3 6% of patients actually suffering from rheuma- 
toid arthritis, while the percentage of false positives 
for other autoimmune diseases and healthy individuals is 
less than 2%. 

According to a favourable embodiment the peptide is 
3 0 a cyclic peptide, for instance, due to the presence of a 
cystine residue. 

In some cases such a cyclic peptide exhibits an 
increased immunological affinity. 

The preferred cyclic peptide is the peptide having 
35 the Formula XI on the formula sheet. 

Preferably the peptide is a synthetic peptide. 
The reactive peptide according to the invention can 
be obtained pure and in large quantities by means of 
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organic synthesis, making immunological testing on a large 
scale possible. 

According to an alternative embodiment, the peptide 
in accordance with the invention is characterized in that 
5 the peptide is obtained by the proteolytic treatment of 
(pro) f ilaggrin, separation of peptide fragments formed by 
proteolysis and subsequent selection on the presence of a 
modified arginine residue in a peptide which was formed 
during the proteolytic treatment. 

10 In this manner peptides can be identified which can 

increase the sensitivity of a rheumatoid arthritis test. 
The term sensitivity is in the present application to be 
understood to mean the ability of a test to properly iden- 
tify a patient suffering from rheumatoid arthritis. 

15 According to a favourable embodiment, the antigen 

is (pro) f ilaggrin, and the peptide is reactive with a 
rheumatoid arthritis patient's autoimmune antibodies whB,ch' 
are reactive with (pro) f ilaggrin, - 

The peptide has been shown to be very suitable for 

20 high-specificity testing (few false positives) for rheuma- 
tism. 

The present invention also relates to an antibody 
which is cross -reactive with an antibody raised against a ^ 
peptide according to the invention. * ti 

25 Such an antibody is useful for the indication of 

rheumatoid arthritis by analysing sections of biopsy 
samples and immunological tests of the sandwich type. 

The antibody is preferably a monoclonal antibody. 

According to another preferred embodiment, the 
30 antibody is obtained by using as antigen a peptide in 
accordance with the invention. 

A suitable antibody according to the invention is 
characterized in that it is cross-reactive with the anti- 
body as produced by Escherichia coli TGI with plasmid RA3 , 
35 deposited at the Centraalbureau voor Schiramelcultures , at 
Baarn, the Netherlands under accession number CBS143.96. 

The invention further relates to an organic com- 
pound comprising a part that is able to compete with a 
peptide according to one of the claims 1 to 9 for binding 
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to an antibody which is specific for said peptide, wherein 
at least said part of the organic compound can be prepared 
by means of combinationary chemistry. 

Such organic compounds are found by competitive 
5 selection wherein a peptide of the invention competes for 
recognition by an antibody of the invention, such as the 
antibody produced by coli- CBS143 . 96 . The organic com- 
pounds, which are often cheaper to produce than antigens 
that are prepared solely on the basis of amino acids that 

10 may or may not comprise side chains, are suitable for 

immunological kits for diagnosing RA. Also, after coupling 
to a solid carrier, said organic compounds could be 
applied to lower, through adsorption, the level of autoim- 
mune antibodies in the blood of patients suffering from 

15 RA. 

Finally, the invention relates to a method of 
detecting autoimmune antibodies against rheumatoid arthri- 
tis . 

The method according to the invention is character- 
20 ized in that in an immunological test at least one 

immunologically active molecule selected from the group 
consisting of i) a peptide according to the invention; ii) 
a recombinatory organic molecule according to the inven- 
tion; and iii) an antibody according to the invention is 
25 used. 

In addition to increased sensitivity other advan- 
tages are achieved, in particular better reproducibility, 
quantitative information and better applicability for 
prognostic purposes. 

30 To a person skilled in the art it will be apparent 

that there are a number of possible variations to the pre- 
sent invention as specified by the appended claims. For 
instance, the peptides mentioned on the formula sheet may 
also be part of other oligopeptides. They may be provided 

3 5 at one or both ends with one or more other amino acids 
while also, two or more peptides according to the inven- 
tion may be part of one oligopeptide. It is also possible 
to shorten the peptides by one or more amino acids, pro- 
vided this does not have a significantly adverse effect on 
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the reactivity. The expert is familiar with the manner in 
which peptides and organic compounds according to the 
invention may optionally be labelled or be coupled to a 
carrier, and how on the basis of such antigens an immuno- 
5 logical test may be developed, using the standard tech- 
niques well-known in the field. 

The invention will now be explained in more detail 
by means of the following example. 

10 Materials and methods 

Peptide synthesis : Peptides were selected for synthesis on 
the basis of amino acid sequences derived from known cDNA 
sequences of human profilaggrin (Ref. 2; Ref. 3). The pep- 
tides were synthesized on solid phase using the method 

15 described by Schellekens et al . (Ref. 4). The peptides 

were at least 95% pure, as determined by the elution pro- . . 

file by means of reversed phase chromatography and the " 
relative absorption at 214 nm. The composition of the pep- 
tides was confirmed by means of mass spectrometry (MALDI- . 

20 MS). All peptides were synthesized as peptide amides. 
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TABLE 1 

Synthesized peptides 

The peptide names starting with "cf" are based on the C- 
terminal end (amino acids 306-324) ; and the peptide names 
5 staring with "nf" are based on the sequence near the N- 

terminal end (amino acids 18-32 for nfcl) . 
Amino acid sequences based on cDNA of a profilaggrin 
repeat . 
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Name 








Peptide 


sequence* 


















cfcl 


S 


H 


Q 


E S T X 


G R S R G 


R 


S 


G 


R 


S 


G 


S 


15 


cf c2 


S 


H 


Q 


E S T R 


G X S R G 


R 


S 


G 


R 


S 


G 


S 




cfc3 


S 


H 


Q 


E S T R 


G R S X G 


R 


S 


G 


R 


S 


G 


s 




cf c4 


s 


H 


Q 


E S T R 


G R S R G 


X 


S 


G 


R 


S 


G 


s 


20 


cfcS 


s 


H 


Q 


E S T R 


G R S R G 


R 


S 


G 


X 


S 


G 


s 




-F 

C XCo 


c 


TT 

rl 


U 


iii o J. A 




P 


q 










Q 


25 


Cfc7 


s 


H 


Q 


E S T X 


G R S X G 


R 


S 


G 


R 


s 


G 


s 




cf C8 


s 


H 


Q 


E S T X 


G R S R G 


X 


S 


G 


R 


s 


G 


s 




cf c9 


s 


H 


Q 


E S T X 


G R S R G 


R 


s 


G 


X 


s 


G 


s 


30 


cf 
CfA 
cfE 
CfQ 


s 
s 
s 
s 


H 
H 
H 
H 


Q 
Q 
Q 
Q 


E S T R 
E S T A 
E S T E 
E S T Q 


G R S R G 
G R S R G 
G R S R G 
G R S R G 


R 
R 
R 
R 


s 
s 
s 
s 


G 
G 
G 
G 


R 
R 
R 
R 


s 
s 
s 
s 


G 
G 
G 
G 


s 
s 
s 
s 


35 


nfcl 
nf 


E S 


S 


H 


T G 
G W T G 


P S T R G 
P S T R G 


R 
R 


Q 
Q 


G 
G 


S 
S 


X 
R 


H 
H 


E 
E 



* (A = alanine; G = glycine; H = histidine; E = glutamic 
40 acid; P = proline; R = arginine; Q = glutaraine; S = 

serine; T = threonine; W = tryptophan; X = 
citrulline) 
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Detection by means of ELISA 

Via an N-oxysuccinimide surface the peptides were 
covalently coupled to the wells of 96 -well microtitre 
plates (Costar amide binding plates) in an amount of 1 
^g/well. Coupling took place for 16 hours at 4EC and pH 
9-0. The plates were blocked for l hour with 2% bovine 
serum albumin. The sera were diluted 200 times in a 
diluent (0.3% BSA, 350 mM NaCl, 10 mM Tris-HCl pH 7 , 6 , 1% 
vol . /vol . Triton X-100, 0.5% w./vol. Na-deoxycholate , 0,1% 
SDS) supplemented with 10% normal rabbit serum, and incu- 
bated for one hour at room temperature. After washing the 
plates (3 times with PBS containing 0.05% by vol. of 
Tween®2 0) , 100 fil of antihuman IgG conjugated with 
peroxidase (Dako P214) , 1000 times, diluted in dilution 
buffer, was added to the wells. After incubation for 1 
hour at room temperature, the plates were washed 3 times 
with PBS/Tween®, and bound antibodies were detected with 
tetramethyl benzidine as a substrate. After 10 minutes the 
reaction was stopped by adding 100 /il of 2 M sulphuric 
acid per well. Readout occurred at 450 nm. Sera having an 
OD450 of 0.2, after deduction of the blank for the respect- 
ive serum (a well without a coupled peptide) , were con- 
sidered to be positive. 

Results 

The results are listed in Table 2. In total, 288 
sera from patients suffering from rheumatoid diseases were 
used, 132 of which were from patients suffering from 
rheumatoid arthritis. 
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TABLE 2 

Results with peptide .cfcl to cfc9 (Formula II to X of the 
formula sheet) 



Peptide* 


RA sera 


control 












(%) 


sera^ 


SLE^ 


SSC^ 


pSS* 


PM/DM^ 




(n = 


(%) 




V * / 








134) 


(n 




(n = 


(n = 


(n = 


(n = 






154) 


50) 


50) 


50) 


50) 


cf cl 


49 (36) 


1 


(0.6) 


1 (2) 


0 


0 


0 


cf c2 


27 (20) 


4 


(2.6) 


1 (2) 


0 


1 (2) 


1 (2) 


cfc3 


37 (28) 


2 


(0.6) 


0 


0 


1 (2) 


1 (2) 


cf c4 


32 (24) 


2 


(1.3) 


0 


0 


0 


0 


cf c5 


64 (48) 


1 


(0.6) 


0 


1 (2) 


2 (4) 


1 (2) 


cf c6 


65 (48) 


1 


(0.6) 


0 


0 


2 (4) 


1 (2) 


Cfc7 


60 (45) 


1 


(0.6) 


0 


0 


1 (2) 


1 (2) 


cf c8 


55 (41) 


1 


(0.6) 


0 


0 


1 (2) 


1 (2) 


cf c9 


57 (42) 


1 


(0.6) 


0 


0 


2 (4) 


0 



20 



25 



30 



2) 
^) 
*) 
S) 



Control sera are from patients suffering from rheu- 
matic diseases other than RA. 
SLE is systemic lupus erythematosus . 
pSS is primary SjSgren's syndrome. 
SSC is systemic scleroderma. 
PM/DM is polymyositis/dermatomyositis . 



Of the total of 134 RA sera from patients suffering 
from rheumatoid arthritis, 102 were positive with at least 
one peptide from the cfcl to cfc9 series. Therefore, when 
using these peptides, the sensitivity was 76% (102/134) . 
Of the total of 354 control sera, 13 sera were positive on 
at least one peptide from the cfcl to cfc9 series. There- 
fore the test sensitivity, expressed as percentage of true 
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positives / was 96%. Of the 37 sera that were reactive with 
cfc3, none were not recognized by peptide cfcl or cfc23. 
Of the sera that were reactive with cfc7, cfc8 and cfc9, 
none were not recognized by cfcl, cfc2, cfc4, cfc5 or 
5 cfc6. This means that cfc2, cfc7, cfc8 and cfc9 do not 

contribute to the test sensitivity and a test sensitivity 
of 76% may be realized by using the combination of the 
peptides cfcl, cfc2, cfc4, cfc5 and cfc6. 

It should be noted that these percentages depend on 

10 the specificity-threshold value applied by applicants. The 

same data (from the ELISA experiments) can be interpreted 
as a sensitivity of approximately 80-85% by choosing a 
slightly lower sensitivity, which incidentally, is still 
much better than the one obtainable when using the known 

15 rheumatoid factor test (Ref. 1). 

Sera from patients suffering from various infec- 
tious diseases (Borrelia, syphilis, malaria, endocarditis, 
Legionella, tuberculosis, mycoplasma. Yersinia, salmonel- 
la, parvo^rirus B19, Epstein-Barr virus, rubella, 

20 schistosomiasis, Toxoplasma, leishmaniasis, Chagas' dis- 

ease) were tested for the presence of antibodies reactive 
with cfcl. Of the 308 tested sera 9 were positive. This 
means that the specificity was 97%, a considerable 
improvement compared with the RF test . 

25 Variants of cfcl wherein citrulline was replaced by 

a neutral (alanine; cf A) , acid (glutamic acid; cfE) or 
amide (glutamine; cfQ) residue, did not seem to be 
immunologically reactive. The same applies to the control 
peptide cf , which does not possess a modified arginine 

3 0 residue. 

With the aid of the above-described ELISA, a cyclic 
variant (with the Formula XI on the formula sheet, in 
which two cysteine residues (C) are bound by means of a 
sulphur bridge) of cfcl was tested for 134 RA sera. This 

35 cyclic variant was shown to be reactive with 85 sera 

(63%) , signifying an increase in sensitivity. Of the 154 
sera of patients suffering from rheumatic diseases other 
than RA, 3 were shown to be positive (specificity 98%) . 
The priority document of the present application reports 5 
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falsely determined positives. However, it has been shown 
that in two of these cases the patients did indeed suffer 
from RA. Not one serum from 59 healthy individuals was 
positive with this cyclic peptide, nor with any of the 
5 peptides cfcl to cfc9. The cyclic peptide variant was 

shown to be reactive with 4 sera of the 200 additional 
control sera (50 SLE, 50 SCC, 50 pSS, 50 PM/DM) so that 
the specificity in respect of these sera was 98%. Of the 
sera from patients suffering from various infectious 
10 diseases (308 sera as described above) , 7 sera were shown 

to be positive with the cyclic peptide variant so that in 
this case also the specificity in respect of these sera 
was 98%. The use of the cyclic peptide variant thus 
enhances the sensitivity compared with the individual 
15 linear peptide variants, but the specificity is also 

enhanced due to an improved signal/noise ratio in the 
described ELISA test. 

A second citrulline-substituted peptide (nfcl) was 
shown to be specifically reactive with 10% of the RA sera, 
20 but not with the control peptide nf, which does not com- 

prise citrulline. Of the RA sera reactive with nfcl, some 
were not reactive with cfcl to cfc9. Therefore, it is 
possible to increase the sensitivity of a test for rheuma- 
toid arthritis by applying more peptides comprising a 
25 modified arginine residue. 

Obviously, a peptide may comprise several modified 
arginine residues, but the peptide may also comprise one 
or more non-modified arginine residues. 

Applicants believe that modified amino acids, in 
30 particular those derived from arginine residues, could 

possibly also play a role in other autoimmune diseases. 
For this reason, the invention is also aimed at peptides 
comprising modified amino acids that are reactive with 
auto- antibodies from patients suffering from autoimmune 
35 diseases other than RA. This relates especially to pep- 

tides comprising a modified arginine residue wherein X = 
NHCH3 (wherein Y = NH or NCH3) or NH(CH3)2 is, which 
peptides will be useful for the detection of autoimmune 
diseases such as SLE, scleroderma, primary Sjogren's syn- 
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drome and polyrnyositis/dermatomyositis , in which nuclear 
autoantigens play a role. Said peptides are useful for the 
development of monoclonal antibodies against these dis- 
eases as well as for diagnosing the respective autoimmune 
5 diseases, in particular for the detection of autoimmune 

antibodies in body fluid such as blood, plasma and serum 
of patients who are suspected of suffering from the auto- 
immune disease. Again the peptides and antibodies offer 
the possibility of developing an organic compound with the 

10 aid of combinatorial chemistry, which compound is com- 

prised within the scope of the invention. 

The recombinant monoclonal antibody described by 
applicants is reactive with peptide cfcl but not with the 
control peptides cfA, cfE, cfQ or cf. The commercially 

15 available monoclonal antibody AKHl (Ref. 5), directed 

against human filaggrin, is not reactive with any of the 
peptides described herein and is therefore not cross- . 
reactive with an antibody raised against a peptide accord- 
ing to the invention. The polyclonal serum anti-54 kD . 

20 (Ref. 5), raised against filaggrin, is not reactive with 

any of the peptides described herein and is therefore not 
cross-reactive with an antibody reactive with a peptide 
according to the invention. This suggests that in a noi^mal 
immune reaction antibodies that are cross-reactive with aii 

2 5 antibody raised against a peptide according to the inven- 

tion, are not necessarily formed. 
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CLAIMS 

1. A peptide derived from an antigen recognized by 

5 autoantibodies from patients with rheumatoid arthritis, which 
peptide is reactive with autoimmune antibodies from a patient 
suffering from rheumatoid arthritis, characterized in that 
the derived peptide that is reactive with autoimmune anti- 
bodies, corresponds to a part of a mRNA molecule coding for 
10 the antigen, said part comprising a codon for an arginine 
residue, and the arginine residue in the derived peptide, 
which is reactive with autoimmune antibodies, is a modified 
arginine residue. 

2. A peptide according to claim 1, characterized in 
15 that the modified arginine residue's side chain is a side 

chain according to Formula I on the formula sheet, in which 
X = KrH2. CH3, NHCH3 or N(CH3)2; - 
Y = O, NH, NHCH3 or N(CH3)2; 
Z = O, NH or CH2; and 
20 n = 2, 3 or 4, on the condition that when X = NH2 

and Z = NH, Y is not NH. 

3. A peptide according to claim 1 or 2 , character- 
ized in that the modified arginine residue is a citrulline 
residue . 

25 4. A peptide according to one of the preceding 

claims, characterized in that the peptide is selected from 
the group of peptides having the Formula II - X. 

5. A peptide according to one of the claims 1 to 3 , 
characterized in that the peptide is a cyclic peptide. 

3 0 6. A peptide according to claim 5, characterized in 

that the cyclic peptide is having the Formula XI. 

7. A peptide according to one of the preceding 
claims, characterized in that the peptide is a synthetic 
peptide . 

35 8. A peptide according to one of the preceding 

claims, characterized in that the antigen is (pro) f ilaggrin, 
and the peptide is reactive with a rheumatoid arthritis 
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patient' s autoimmune antibodies which are reactive with (pro) f ilaggrin. 

9. A peptide according to one of the claims 1 to 3 , 
characterized in that the peptide is obtained by the 
proteolytic treatment of (pro) f ilaggrin, separation of 
peptide fragments formed by proteolysis and subsequent selec- 
tion on the presence of a modified arginine residue in a 
peptide which was formed during the proteolytic treatment. 

10. An antibody which is cross-reactive with an 
antibody raised against a peptide according to one of the 
claims 1 to 9. 

11. An antibody according to claim 10, characterized 
in that the antibody is a monoclonal antibody. 

12. An antibody according to claim 10 or 11, charac- 
terized in that the antibody is obtained by using a peptide 
according to one of the claims 1 to 9 as an antigen. 

13 . An antibody according to one of the claims 9 to 
12, characterized in that it is cross-reactive with the anti- 
body as produced by Escherichia coli TGI with plasmid RA3 , 
deposited at the Centraalbureau voor Schimmelcultures , at 
Baarn, the Netherlands under accession number CBS143.96. 

14 . An organic compound comprising a part that is 
able to compete with a peptide according to one of the claims 
1 to 9 for binding to an antibody which is specific for said 
peptide, wherein at least said part of the organic compound 
can be prepared by means of combinationary chemistry. 

15. A method for the detection of autoimmune anti- 
bodies, characterized in that in an immunological test at 
least one immunologically reactive molecule selected from the 
group consisting of i) a peptide according to one of the 
claims 1 to 9; ii) an organic compound according to claim 14; 
and iii) an antibody according to one of the claims 10 to 13 
is used. 
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gOMTOIA SEgBT 



X Y 

\ / 
C 

I 

z 

(CH,)a 



II SHQBSTl^GRSRGRSGRSGS 

III SHQESTRGSSRGRSGRSGS 

IV SHQESTRGRSXGRSGRSGS 

V SHQBSTRGRSRGXSGRSGS 

VI SHQEST. RGRSRGRSGXSGS 

VII SHQESTXGXSRGRSGRSGS 

VIII SHQESTXGRSXGRSGRSGS 

IX SHQESTXGRSRGXSGRSGS 

X SHQESTXGRSRGRSGXSGS 

XI HQCHQESTXGRSRGRCGRSGS 

I I 
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